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Using Enhanced Sampling Molecular Dynamics Techniques to Probe the
Thermodynamics of pHLIP Peptide Insertion into a Model Lipid Bilayer
Yue Ren, Blake Mertz.
Chemistry, West Virginia University, Morgantown, WV, USA.
The molecular mechanism of spontaneous polypeptide folding and insertion
into a membrane, as well as its exit and unfolding, is of interest from several
perspectives, including the action of antimicrobial peptides, the folding and
degradation of membrane proteins, and medical applications of pH-triggered
insertion peptides. A notable example is pH (Low) Insertion Peptide (pHLIP),
which is a water-soluble polypeptide derived from helix C of bacteriorhodopsin
that has the ability to insert into a membrane at acidic pH to form a stable trans-
membrane a-helix. The insertion process takes place in three stages: pHLIP is
unstructured and soluble in water at neutral pH(state I), unstructured and bound
to the surface of a membrane at neutral pH(state II), and inserted into the mem-
brane as an a-helix at low pH(state III). Our hypothesis is that, there is a
connection between the free energy change of binding /insertion and pKa of
insertion. To test this hypothesis, we used enhanced sampling molecular
dynamics (MD) techniques (steered MD and umbrella sampling) to investigate
the molecular interactions of a C-terminal-truncated pHLIP variant, pHLIP-1,
with a 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC) bilayer. The
goal is to characterize the free energy of binding from state I to state II and the
free energy of insertion from state II to state III (a-helical peptide insertion) and
to identify key structural aspects that govern these processes. Our results agree
well with the previous experiments, providing the first steps in establishing a
direct relationship between the thermodynamics and pKa of pHLIP peptide
insertion.
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Specific Delivery of Auristatins to Tumor Cells using pHLIP
Kelly Burns1, Matthew Robinson2, Damien The´venin1.
1Department of Chemistry, Lehigh University, Bethlehem, PA, USA,
2Development Therapeutics Program, Fox Chase Cancer Center,
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Localized delivery is vital for the successful development of novel and effec-
tive therapeutics for the treatment of cancer. Currently, most targeting methods
rely upon expression of protein biomarkers to promote tumor targeting and
killing. Despite their promises, such strategies suffer from two major draw-
backs: Biomarkers are not specific to cancer cells, which can result in off-
target toxicity, and cancer cells have a tendency to evolve quickly, which
can lead to a loss of biomarkers and therapy resistance. However, nearly all
solid tumors have a low extracellular pH, regardless of their tissue or cellular
origin. Moreover, tumors’ aggressiveness and metastatic potential are fostered
at low extracellular pH. For these reasons, acidosis is a hallmark of tumor pro-
gression and may provide an opportunity for tumor-targeted therapy. The tar-
geting and delivery described herein is based on the pH(Low) Insertion
Peptide (pHLIP), a unique delivery peptide that can selectively target tumors
in mice based solely on their acidity rather than a specific marker. Our group
focuses on developing new strategies to inhibit cancer cell growth by delivering
therapeutics to cells using pHLIP. We hypothesize that the localized targeting
achievable with pHLIP when combined with potent therapeutics will synergize
to create an efficacious treatment for cancer. In the present study, we investi-
gate the efficacy of pHLIP to deliver the highly potent and clinically validated
microtubule inhibitor monomethyl auristatin E (MMAE) to cancer cells in vitro
in a pH dependent manner. We show that pHLIP and one of its variants chosen
to optimize targeting, can induce a potent cytotoxic effect in cancer cells,
including triple negative breast cancer cells, against which none of the current
targeting strategies are effective. Furthermore, we demonstrate that these
pHLIP-MMAE drug conjugates effectively target breast tumors in mice.
420-Pos Board B200
The Triatoma Virus Structural Protein VP4 Induces Membrane Perme-
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Lissete Sa´nchez-Magraner1, Diego M.A. Gue´rin2.
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In naked viruses, membrane breaching is a key step that must be performed for
genome transfer into the target cells. Despite its importance, the mechanisms
behind this process remain poorly understood. The small protein VP4, codified
in the genome of most Picornavirales order viruses, has been shown to be
involved in membrane alterations. Here we have analyzed the permeabilization
activity of the natively non-myristolated VP4 protein from Triatoma virus(TrV), a virus belonging to the Dicistroviridae family within the Picornavirales
order. The VP4 protein was produced as a Maltose Binding Protein (MBP)
fusion to achieve its successful expression. This recombinant VP4 protein is
able to produce membrane permeabilization in model membranes in a lipid-
dependent manner. The membrane-induced permeability was also influenced
by the pH, being greater at higher pH values. We demonstrate that the perme-
abilization activity elicited by the protein occurs through discrete pores that are
reversibly inserted on the membrane. Sizing experiments using fluorescent dex-
trans, cryo-electron microscopy imaging and other additional techniques
showed that recombinant VP4 forms heterogeneous proteo-lipidic pores rather
than common proteinaceous channels. These results show that VP4 protein is
involved in the membrane alterations required for genome transfer or cell entry
steps during dicistrovirus infection.
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Predicting Functional Interactions in the Influenza Hemagglutinin Trans-
membrane Domain Via Simulation
Matthew J. Eckler, Peter M. Kasson.
Biomedical Engineering, University of Virginia, Charlottesville, VA, USA.
The precise mechanism of cell entry by influenza remains poorly understood,
despite many years of research. Entry into the cytoplasm is preceded by a mem-
brane fusion event between the virion and endosomal membrane, mediated by
the fusion protein hemagglutinin. Hemagglutinin resides in the viral membrane
with one transmembrane helix. Its ectodomain is trimeric, and this enforces
close proximity between the three helices in the viral membrane. Previous
research has demonstrated that the transmembrane domain of hemagglutinin
is crucial to its pathogenicity, and that while some mutations are allowed,
full viral fusion to the target membrane is blocked by drastic deletions or
replacement with a GPI anchor. We have conducted molecular dynamics sim-
ulations of the hemagglutinin transmembrane domain to understand any inter-
actions that may occur between the domains and postulate how they can impact
hemagglutinin function. Preliminary results indicate that the helices can asso-
ciate in a membrane, without the ectodomain present. We have used a multi-
scale simulation approach to examine the stability of encounter complexes in
order to identify key interactions and predict changes that would disrupt
them. First, coarse-grained simulations were used to generate encounter com-
plexes between helices, which were then simulated at atomic resolution to
test the stability of each complex and identify specific interactions in the mem-
brane. Our goal is to discover stabilizing interactions that can shed light into
functional data on possible hemagglutinin transmembrane domain mutants.
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Randomly Selected Hydrophobic Peptides Inhibit Lassa Pseudovirus
Andrew Hoffmann.
Tulane University, New Orleans, LA, USA.
Lassa fever is a hemorrhagic fever endemic in West Africa. Currently the only
available treatment, ribavirin, is only effective in the early stages of infection.
Due to the limited efficacy of ribavirin, new drugs are needed to combat Lassa
fever. In recent years many peptides have been developed as entry inhibitors
against numerous viruses. Many of these peptides share a common trait; they
are somewhat hydrophobic and have a tendency to partition into membranes.
It is hypothesized that many of these peptides disrupt the physical chemistry
of the membrane, inhibiting the virus from fusing with the host cell. In this
study hydrophobic membrane interacting peptides were selected and chal-
lenged against a Lassa pseudovirus. This pseudovirus is composed of an HIV
core (pSG3Denv) and the Lassa envelop (Josiah strain), and allows us to study
the virus, a BSL-4 pathogen, in a BSL-2 environment. Infection of the pseudo-
virus was detected using TZM HeLa cells, a cell line containing a gene that en-
codes luciferase which is promoted by tat, an HIV core protein. Initially ten
hydrophobic peptides were selected; nine of which were discovered for charac-
teristics other than antiviral activity. Interestingly, some were found to inhibit
the virus while others increased viral activity. Of the peptides that inhibited the
virus, the two peptides that showed the greatest antiviral activity were discov-
ered from the same peptide library. More peptides from that library were then
tested against the Lassa pseudovirus, most of which showed antiviral activity
and low toxicity. In the next phase of this work these peptides will provide
an archetype for the design of a combinatorial peptide library to optimize Lassa
viral entry inhibition.
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Bilayer Perturbation is a Predictive Parameter for Antimalarial Develop-
ment
Nicole Ramsey, Olaf Andersen.
WCMC, New York, NY, USA.
There is a constant need for new malaria drugs because of the perpetual
development of resistance to current therapies. To facilitate the costly drug
84a Sunday, February 8, 2015development process and to avail pharmaceutical company-vetted drug candi-
dates to academicians who wish to explore novel strategies for preventing and
treating malaria, the Medicines for Malaria Venture developed the Malaria
Box. To assist in this effort, and to reduce the expenses required for drug
development, we tested the 80 most potent compounds from the Malaria Box
for their bilayer-perturbing effects, as sensed by a membrane-spanning channel,
as a proxy for a generic membrane protein. Specifically, we used a gramicidin-
based stopped-flow fluorescence assay to probe whether the compounds altered
lipid bilayer properties at the concentrations where they are used to inhibit/kill
the malaria parasites. Membrane-active compounds are expected to be ubiqui-
tous modifiers of membrane protein conformational changes, meaning that they
are predicted to be toxic (above some threshold concentration). Among the
compounds tested, four altered membrane properties (p<0.05), and one of
them MMV007384 was a potent bilayer-perturbing compound that should be
used with caution, if at all. This compound was indeed known to be toxic in
cell-based screens, suggesting that one can use the gramicidin-based fluores-
cence to test for cell toxicity.
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It remains a challenge to predict whether or not a new drug candidate will
have undesirable side-effects in the clinic. Many biologically active mole-
cules, including drugs and drug-leads, are amphiphiles that partition into lipid
bilayers, which may alter bilayer physical properties, thereby modulating
membrane protein function. Such bilayer-modifying molecules may be pro-
miscuous modifiers of membrane protein function, raising the possibility
that they have off-target effects. Thus, it may be possible to predict whether
a compound will have important off-target effects based on quantitative
studies on the compound’s bilayer-modifying potential. We developed an
assay to quantify the bilayer-modifying potential of large numbers of com-
pounds. Using a gramicidin-based fluorescence assay (GBFA), which reports
how a compound alters the gramicidin monomer<->dimer equilibrium, we
have shown that many drug and drug-leads alter lipid bilayer properties at
the concentrations where these compounds become indiscriminate modifiers
of membrane protein function. Such indiscriminate modifiers of membrane
protein function are likely to have off target effects; we pursued this question
in a study on a library of compounds that had been tested for cytotoxicity in
‘‘high-content’’ screening assays that quantified cellular ATP levels, nuclear
morphology, nuclear membrane integrity, and apoptosis in immortalized liver,
lung, and neuronal cell lines. We tested 134 compounds (40 non-toxic, 40
moderately toxic and 54 highly toxic) using the GBFA (the library was
‘‘blinded’’ until the results of the GBFA were known) and found that the
GBFA predicts cellular toxicity, with the Area Under The Curve of the
Receiver-Operating Characteristic being 0.84. These results further support
a mechanism by which amphiphiles exert their toxicity, namely by altering
lipid bilayer physical properties and that such an in vitro measurement could
be used as a warning sign for off-target biological effects in drug discovery
efforts.
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Understanding the Function of the Cyclic Antifungal Lipopeptide Fengy-
cin using All-Atom Md Simulation
Sreyoshi Sur1, Alan Grossfield2.
1Chemistry, University of Rochester, Rochester, NY, USA, 2Biophysics and
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Fengycin is one of a class of cyclic lipopeptides synthesized by the bacterial
genus Bacillus. Many bacteria synthesize similar cyclic peptides, some of
which have antifungal or even antibacterial properties, so studying how they
interact with membranes is a promising path for drug development. Previously,
we ran a series of coarse-grained molecular dynamics simulation studies using
MARTINI force field exploring the interactions of fengycin with models for
bacterial and fungal membranes. The results suggested that the peptide’s ability
to aggregate and deform the membrane depended on the nature of the surround-
ing lipid headgroups, and that these interactions might be the origins of its
selectivity. However, coarse-grained models by definition lack atomic-level
resolution, so all-atom simulations are needed to confirm and expand on these
results. First, we developed parameters for several unusual chemical moieties
found in fengycin, such as the cyclization between the C-terminus and a tyro-
sine side chain, as well as the amide linkage between Glu and b-hydroxy pal-mitic acid. We validated these parameters via simulations of isolated and
clustered fengycin molecules in water, as well as simulations of it bound to
two membrane compositions: POPC (to model mammalian or fungal mem-
branes) and 2:1 POPE:POPG (to model bacterial membranes). The analysis
of these simulation will reveal more details of the interactions between fengy-
cin and membranes.Membrane Structure I
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Scattering from Laterally Heterogeneous Vesicles: An Analytical form
Factor for Multiple Domains
Frederick A. Heberle1, Vinicius N.P. Anghel2, John Katsaras1,3.
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It is widely accepted that lateral heterogeneity in the plasma membrane (PM)
plays a role in signaling, transport, and the pathogenesis of some viruses and
bacteria. In many cases, the size and connectivity of ‘‘raft’’ domains is crucial
for understanding their genesis and mode of action, yet detailed knowledge is
still lacking. For example, the observation of ~ 10 nm diameter rafts in the PM
of unstimulated cells, as well as in multicomponent lipid-only model mem-
branes, has led to several theories explaining nanodomain stability, including
microemulsions, critical fluctuations, the presence of line active molecules,
or competing interactions (e.g., line tension and bending energy). Unique
among biophysical tools, small-angle neutron scattering can in principle give
detailed information about the size, shape and spatial arrangement of domains.
We present a general theory for scattering from laterally heterogeneous vesi-
cles, including form factors for vesicles containing an arbitrary number of
domains. These form factors are then applied to the analysis of neutron scat-
tering data from phase-separated vesicles, with an emphasis on distinguishing
the size and spatial arrangement of domains. We discuss important experi-
mental considerations, including the use of contrast matching to highlight
different structural features.
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Experimental Assessment of Tilt-Dependent Thermal Fluctuations in
Lipid Bilayers
Michael S. Jablin, Kiyotaka Akabori, John F. Nagle.
Carnegie Mellon University, Pittsburgh, PA, USA.
For length scales shorter than several membrane thicknesses, many molecular
dynamics simulations of single component lipid bilayers have reported
significant deviations in the measured height-height fluctuation spectrum
compared to predictions from the Helfrich free energy. Recently, others
have posited membrane models that depend on molecular tilt and that
have been shown to be consistent with the aforementioned deviations. We
present the first experimental support for a tilt-dependent theory for bio-
membrane mechanics. X-ray scattering from a liquid crystalline stack of
oriented fluid phase lipid bilayers was collected and compared to the predic-
tions of tilt-dependent and tilt-independent membrane models. Both tilt-
dependent and -independent models satisfactorily fit the X-ray data dominated
by in-plane correlation lengths much greater than membrane thickness
(> 100 A˚), but only a tilt-dependent model accounts for X-ray data primarily
attributable to shorter length correlations. By fitting the measured X-ray
scattering intensity, both the bending modulus Kc ¼ 8.3 5 0.61020 J
and the tilt modulus Kq ¼ 95 5 7 mN/m were determined for DOPC lipid
bilayers at 30C. Our experimental results support the enrichment of the
classic Helfrich continuum model to include molecular tilt. Since the size
of many biomembrane related molecules is similar to tilt-dependent length
scales, the tilt modulus may be highly sensitive to various membrane-
biomolecule interactions.
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Structural Effects of Urea and Tmo on Lipid Bilayers
Sergio S. Funari, Joana Valerio.
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Lipid bilayers can display a wide range of morphologies and are simple models
for the cell membrane, that not only defines the cell limits but also provides a
matrix for anchoring a variety of substances, e.g, membrane proteins, glyco-
lipids, etc., that play an essential role in the cell.
Recently, we have been studying the structural effects of synthetic quinones on
lipid model membranes, in order to investigate their contribution to morphol-
ogies possibly involved in the electron transfer process. Summarizing, we
